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(54) Title: PROCESS FOR PREPARING OF PACLITAXEL 

(57) Abstract: A process for making paclitaxel comprises: (a) acetylating 10-deacetyl baccatin-HI at the C-10 position in the 
presence of a tertiary amine base to give baccatin-HI; (b) protecting baccatin-III at the C-7 position by reacting baccatin-III with 
a protecting group; (c) converting the product of step (b) to paclitaxel. Preferably, the protecting group at the C-7 position is 
2,2,2-trichloroethylchloroformate. 
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PROCESS FOR PREPARING OF PACLITAXEL 

The present invention relates to a process for preparing the chemotherapeutic agent 
paclitaxel. 

Paclitaxel is a known antineoplastic compound which, if desired, can be isolated from 
the bark of Taxus brevifolia (Western Yew). Its chemical name is 5p,20-epoxy- 
l,2a,4,7p,10P,13a-hexahydroxytax-ll-en-9-one 4,10-diacetate 2-benzoate 13-ester with 
(2R,3S)-N-benzoyl-3-phenylisoserine. The chemical structure is shown below. 



O 




PACLITAXEL 

Synthetic and semi-synthetic methods of producing the compound are, however, 
known. One such method is described in US 5229526 and continuation-in-part 
US 5274124 to Holton. As with many syntheses, these patents describe a process for 
obtaining paclitaxel from the compound 10-deacetyl baccatin. The initial steps used are those 
according to Green et a! (J. Am. Chem. Soc, 1988, 110, 5917-5919) in which 
10-deacetyl baccatin is first silylated and then acetylated according to the following scheme: 
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The yield of the silylated product is reported (in the above patents) to be 84-86% after 
purification, and the yield of the acetylated product is reported to be 86%. The acetylated 
product is then converted to paclitaxel via a stereospecific coupling reaction with an 
appropriate (3-lactam followed by deprotection. 

Whilst the above-mentioned process is in some respects satisfactory, we have now 
devised an improved process wherein the yield of intermediate compounds is much greater 
such that purification of the intermediates is not required. 

According to the present invention, there is provided a process for preparing 
paclitaxel, which process comprises the steps of 

a) acetylating 10-deacetyl baccatin HI (I) at the C-10 position in the presence of a 
tertiary amine base to give baccatin -III (II); 

b) protecting baccatin-III (II) at the C-7 position by reacting baccatin-HI with a 
protecting group; 

c) converting the product of step (b) to paclitaxel. 

According to a highly preferred aspect of the invention, in step (b) we prefer to use 
2,2,2-trichloroethylchloroformate (Troc) as the protecting group. 

Thus, contrary to previous methods, the process of the invention proceeds first by 
acetylation of 10-deacetyl baccatin HI at the C-10 position followed by protection at the C-7 
position We have found that, surprisingly, by carrying out the process in the above manner 
much greater chemoselectivity is achieved. The result of this is that both baccatin III and the 
C-7 protected baccatin in derivative are obtained in much greater yield than the intermediates 
obtained in previous processes. With our process, we have found that the yield of baccatin IE 
is basically quantitative - that is 100% yield, or very close to 100% yield. The C-7 protected 
baccatin HI derivative is also obtained in quantitative, or virtually quantitative yields (that is, 
100% yield). For example, when using Troc as the protecting group, we obtain a yield of 7- 
Troc-baccatin HI of from 97 and 100%, depending upon the exact conditions. By contrast, 
we have found that by employing C-7 protection first using triethylsilyl chloride (TES-C1) 
followed by acetylation at the C-10 position (as in the above US patents), the intermediate 7- 
triethylsilyl-10-deacetyl baccatin HI is obtained with 74% yield, and the intermediate 7- 
triethylsilyl baccatin HI is obtained with 78.5% yield. Conversely, the high yields of 
intermediates obtained by our process means that no additional purification steps, as are 
conventionally needed, are required although they can of course be employed if desired. In 
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conventional methods, purification of the intermediates leads to an overall loss in yields, so 
by dispensing with this requirement the present process is more economical and efficient. 

We have found that the use of a tertiary amine base in step (a) of the process 
surprisingly speeds up the reaction time of this step to about 1 hour or less and provides a 
very pure product in virtually quantitative yield. Holton et al (Tetrahedron letters 39 (1998) 
2883-2886) have reported on the selective protection of the C(7) and C(10) hydroxyl groups 
in 10-deacetyl baccatin HI. For production of baccatin 1H, the maximum reported yield is 
95% (using CeCl 3 and acetic anhydride) which is less than that achieved in the present 
invention. Furthermore, addition of base is reported by Holton et al to induce the formation 
of 7-acetyl-10-DAB and 7-acetyl baccatin III side products. In contrast, we have found that 
the use of a tertiary amine base can, in fact, surprisingly give excellent results in terms of 
reaction time, yield and product purity. Indeed, we have found that repetition of the pertinent 
Examples from Holton et al gives high impurity levels, thus necessitating further 
purifications. In the present process, any suitable tertiary amine base can be used, for 
example any member of the trialkylamines (including isomers thereof), for example 
trialkylamines where each alkyl group is, independently, Ci to Cio. Particularly good results 
have been achieved using triethylarnine, so we prefer to use this compound, although similar 
compounds can be used. Tr ie completion of the reaction within 1 hour or less contributes to 
an efficient and economical process, and provides considerable advantage for a commercial 
scale operation. 

The acetylation in step (a) can be accomplished using any suitable method. For 
example, it can be done using acetic anhydride or acetyl chloride. Acetic anhydride can, for 
example, be used in the presence of CeCl 3 or ZnCl 2 or YbCl 3 employing an organic solvent 
system, such as tetrahydrofuran (THF). 

Any suitable protecting group can be used in step (b), although we prefer to use 2,2,2- 
trichloroethylchloroformate (Troc). We have found that Troc protection can be employed 
advantageously in the present process because only mild conditions are required for 
deprotection. Harsh or stron gly acidic conditions, which may affect other parts of the taxane 
molecule, are therefore avoided. In previous processes, the protecting groups used have 
required strongly acidic conditions for deprotection, and this results in a crude product with 
more impurities. In these circumstances, the product is difficult to purify and thus obtained 
in low yield. Use of Troc in particular avoids these difficulties and thus contributes to higher 
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overall yields of product. Other suitable protecting groups include carbobenzyloxycarbonyl, 
or t-butoxycarbonyl or 9-flurenylmethoxycarbonyl. 

Use of Troc gives the intermediate 7-Troc-baccatin-HI (compound HI). 
Advantageously, a catalyst is used to perform step (b). Any suitable catalyst may be used, 
although we prefer to use a 4-dimethylaminopyridine (DMAP). Other suitable tertiary 
amines such as triethyl amine, di-isopropyl ethyl amine, NJM-dimethyl aniline can be 
employed if desired. The use of a catalyst during step (b) helps ensure virtually quantitative 
yields of product with respect to baccatin-in. 

in a highly preferred aspect of the invention, step (b) is performed at less than room 
temperature (that is, less than about 25°C), preferably at less than 0°C. It is particularly 
preferred to use a low temperature of, for example, from -5°C to -15°C, suitably from -5°C to 
-10°C. We have found that the use of a low temperature during this step gives a fewer 
impurities than when the reaction is done at room temperature, and also reduces the reaction 
time. Low temperature conditions are particularly suitable when employing Troc as the 
protecting group. 

It is also preferred during step (b) to add the protecting group in two or more lots 
during the reaction. This helps improve both the yield and purity of the product and, 
importantly, also reduces the reaction time for this step. Typically, the reaction time is 
reduced to about 1 hour for addition of two separate lots of protecting group. Addition of the 
protecting group in two or more lots is particularly preferred when Troc is used, as this gives 
very good results. For example, addition of Troc in two lots to baccatin in so as to give 7- 
Troc- baccatin HI, using DMAP as catalyst and a temperature of from -5°C to -15°C, gives a 
quantitative yield of 7-Troc-baccatin HI (that is, 100% yield), negligible impurities and a 
reaction time of 1 hour. Similar results are obtained using suitable catalysts other than 
DMAP. 

The starting material, 10-deacetyl baccatin DI can be obtained according to known 
procedures. For example, it can, if desired, be obtained from the needles of Taxus baccata. 

Step (c) involves converting the product of step (b), which is preferably 7-Troc- 
baccatin HI, to paclitaxel, and this can be achieved by any suitable method One such method 
is that described in US 5229526 and US 5274124. Typically, step (c) involves coupling the 
product of step (b) with a suitable compound so as to give a pamido ester side chain at the C- 
13 position, followed by deprotection at the C-7 position. We prefer to use a suitable (5- 
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lactam such as, for example, N-benzoyl-3-triethylsilyloxy-4-phenyl azetidin-2-one in the 
coupling reaction. 

A preferred process scheme is as follows: 




10-deacetyl baccatin IE 



acetylation 




baccatin-in 



7-protection with 2,2,2-trichloroethylchloroformate 




7-Troc-BaccatiiiIII 
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The coupling reaction in step (c) is preferably carried out using 7-Troc-baccatin-III 
and a racemic mixture of N-benzoyl-3-triethylsilyloxy-4-phenyi azetidine-2-one in the 
presence of n-butyl lithium. This is an efficient reaction and gives good stereoselectivity. 
However, other methods of coupling a suitable P-amido ester side chain to the C-7 and C-10 
protected baccatin-III intermediate, as will be clear to those skilled in the art, can be used if 
desired. 

Normally, a deprotection step is required following the coupling reaction. Any 
suitable method of deprotection may be used, although we prefer to avoid using harsh or 
strongly acidic conditions. ^^Vhere 7-Troc deprotection is required, the deprotection can, for 
example, be carried out using zinc and acetic acid. It will be noted in the above illustrated 
scheme that deprotection occurs at both the C-7 position and in the side chain bearing the 
triethylsilyl (TES) group. 

Paclitaxel made according to the process of the invention can be incorporated into 
pharmaceutical dosage forms including, but not limited to, capsules, tablets, infusion 
solutions/suspensions and injection concentrates. As will be clear to those skilled in the art, 
the above forms may be formulated using appropriate pharmaceutical excipients. 

The following Examples illustrate the invention: 
Example 1 

(i) To a stirred solution of 100 gm of 10-deactyl-baccatin-III (I) in 3.8 Its. THF 
(tetrahydrofuran) under a nitrogen atmosphere, 25 gms CeCh was added followed by 
addition of 25 mol. eq. of triethylamine. Acetic anhydride (425 ml, 10 mol. eq.) was 
added at cold to ambient temperature and the reaction mixture was left overnight at 
cold to ambient temperature under stirring. The reaction was monitored by TLC, 
eluent heptane/ethyl acetate ^1/1. The solution was diluted with water, extracted 
with ethyl acetate, washed with sodium bicarbonate and brine. It was then dried over 
sodium sulphate and passed through a short plug of silica gel and the eluant 
evaporated under reduced pressure to afford 107 gms of baccatin-III (II), melting 
point 243-245°C. 

(ii) A solution of 200 gms of (II), 100 ml of pyridine and 5.6 gms of dimethylamino 
pyridine in 4 litres; of MDC was stirred at room temperature under nitrogen 
atmosphere. To the mixture 100 ml (20 eq.) of 2,2,2-trichloroethylchloroformate was 
added. After 45 minutes an additional 60 ml of 2,2,2-trichloroethylchloroformate was 
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added and stirring was continued for another 10 minutes. The reaction was monitored 
by TLC (CH 2 Cl2/methanol 9:1). The reaction mixture was diluted with 3.0 litres of 
MDC and washed with 3.0 litres of aqueous 0.5 N potassium bisulfate, water, 
saturated NaHCOs and brine. The organic layer was dried over sodium sulphate and 
evaporated to dryness under reduced pressure. The resulting white residue was 
sonicated in diethyl ether and filtered. Recrystallisation in methanol afforded 260 
gms of 7-Troc-baccatin-lTI (HI). 

(iii) 10 gm of (HI) was dissolved in 100 ml anhydrous THF under nitrogen atmosphere, n- 
butyl lithium in hexane 2.5 M, (10.7 ml) was added at -40°C. The reaction mass was 
stirred at -40°C for 30 minutes. A solution of 27.4 gm of (TV) in 100 ml anhydrous 
THF was added, between -30°C to -50°C. The temperature of mixture was allowed 
to rise to 0°C naturally and it was stirred for 1 hour at 0°C. 100 ml of 10% acetic 
acid/THF was added. The mixture was diluted with 1.0 litre of ethyl acetate and 1.0 
litre of saturated NaHC0 3 solution was added. The organic layer was separated and 
evaporated under reduced pressure. The residue was purified by column 
chromatography on silica 60, eluent 99:1 CHzCymethanol to get coupled product 
(V). 

(iv) 30 gm of (V) was dissolved in 80 ml acetic acid, then 20 ml THF, 20 ml water and 1 5 
gm zinc powder was added and reacted at 30-60°C. The reaction was monitored by 
1:1 acetone/hexane. After completion of the reaction, solid substances were filtered 
off. The reaction was diluted with 200 ml of ethyl acetate and 200 ml of saturated 
NaHC03 solution were added to the filtrate. The organic phase was separated out and 
washed with NaHCOs, water and brine. The solution was dried over Na2S0 4 , and 
evaporated under reduced pressure to dry residue. After column purification, pure 
paclitaxel (VI) was obtained. 

Example 2 

Conversion of 10-DAB (TO-deacetvl baccatin IIP to BAC-HI (baccatin-IIT) using cerium 
chloride with base 

To a stirred solution of 100 mg of 10-deacetyl baccatin-HI in 3.8 ml THF (tetrahydrofuran) 
under a nitrogen atmosphere, 25 mg CeCb was added followed by addition of 25 mol. eq. of 
triethyl amine. Acetic anhydride (425 microlitre, 10 mol. eq.) was added at cold to ambient 
temperature and the reaction mixture was stirred for one hour at ambient temperature. The 
reaction was monitored by TLC, eluent heptane/ethyl acetate; 1:1. The solution was diluted 
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with water, extracted with ethyl acetate, and washed with sodium bicarbonate and brine. It 
was then dried over sodium sulphate and evaporated under reduced pressure to afford the title 
product. Further purification was done by column chromatography (silica 60-120#, 
dichloromethane/methanol, 99 : 1) to yield 107 mg baccatm-III(purity: 98%). 
Example 3 

Conversion of 10-DAB to BAC-HI using anhydrous zinc chloride with base 
To a stirred solution of 100 mg of 10-deacetyl baccatin-III in 3.8 ml of THF under a nitrogen 
atmosphere, 88 mg anhydrous zinc chloride (3.5 mol. eq.) was added followed by addition of 
88 microlitre of triethylamitie. Acetic anhydride (88 microlitre, 5 mol.eq.) was added at 
ambient temperature and the reaction mixture was stirred at ambient temperature under 
stirring for one hour. The reaction was monitored by TLC, eluent heptane/ethyl acetate, 1:1. 
The solution was diluted with water, extracted with ethyl acetate, washed with sodium 
bicarbonate and brine. It was then dried over sodium sulphate and evaporated under reduced 
pressure to afford the title product. Further purification to remove trace impurities was done 
by column chromatography (silica gel 60-120#, dichloromethane/methanol, 99:1) to yield 
107 mg of baccatin-III (purily: 99%). 
Example 4 

Conversion of Baccatin-III to 7-Troc baccatin-III using Troc-Cl in two lots at low 
temperature 

A solution of 200 mg of baccatin-III, 100 microlitre of pyridine and 5.6 mg of 
dimethylaminopyridine in 4 ml dichloromethane was stirred at -15 C under nitrogen 
atmosphere. To the mixture 100 microlitre (2.22 mol. eq.) of 2,2,2- 
trichloroethylchloroformate was added. After 45 min. an additional 60 microlitre (1.28 mol. 
eq.) of 2,2,2-trichloroethylcliloroformate was added and stirring was continued for another 10 
min. The reaction mass was stirred for 1-1.5 hrs. at -5 to -15 C. The reaction was monitored 
by TLC (dichloromethane/raethanol, 9:1). The reaction mixture was diluted with 30 ml of 
dichloromethane and washed with 30 ml of aq. 0.5 N potassium bisulfate, water, saturated 
NaHCC>3 and brine. The organic layer was dried over sodium sulphate and evaporated to 
dryness under reduced pressure. The resulting white solid residue was sonicated in diethyl 
ether and filtered. Recrystallisation in methanol afforded 259 mg of 7-Troc-baccatin-III 
(purity: 99%). 
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Example 5 (comparative) 

Conversion of 10-DAB to BAC-IH using cerium chloride without base 
To a stirred solution of 100 mg of 10-deacetyl baccatin-HI in 3.8 ml THF under a nitrogen 
atmosphere, 25 mg CeCl 3 was added. Acetic anhydride (425 microlitre, 10 mol. eq.) was 
added at cold to ambient temperature under and the reaction mixture was stirred for one hour 
at ambient temperature. The reaction was monitored by TLC, eluent heptane/ethyl acetate; 
1:1. Stirring was continued for 3 hours during which monitoring by TLC was done hourly. 
When an increase in impurity formation was seen in spite of the reaction remaining 
incomplete, the reaction was stopped and the solution was diluted with water, extracted with 
ethyl acetate, washed with sodium bicarbonate and brine. It was then dried over sodium 
sulphate and evaporated under reduced pressure to afford the crude product. Further 
purification was done by column chromatography. (Silica 60-120#, 
Dichloromethane/methanol, 99 : 1) to yield 52 mg baccatin-III(purity: 95%). It can be seen 
that both the yield and purity are much reduced in comparison with Example 2. 
Example 6 

Conversion of Baccatin-IH to 7-Boc baccatin-in using ditertiarv butyl pyrocarbonate fBoc 
anhydride) in two lots at low temperature 

A solution of 200 mg of baccann-ill 100 microlitre of pyridine and 5.6 mg of 
dimemylammopyridine in 4 ml dichloromethane was stirred at -15 C under nitrogen 
atmosphere. To the mixture 170 microlitre ditertiary butyl pyrocarbonate (Boc anhydride) 
was added. After 45 min. an additional 60 microlitre ditertiary butyl pyrocarbonate was 
added and stirring was continued for another 2 hrs. The reaction was monitored by TLC 
(dicmoromethane/methanol, 9:1). The reaction mixture was diluted with 30 ml of 
dichloromethane and washed with 30 ml of aq. 0.5 N potassium bisulfate, water, saturated 
NaHCC>3 and brine. The organic layer was dried over sodium sulphate and evaporated to 
dryness under reduced pressure. The resulting white solid residue was sonicated in diethyl 
ether and filtered. Recrystallisation from ethanol afforded 160 mg of 7-boc-baccatin-rn 
(purity: 90%). 
Example 7 

Conversion of Baccatin-IH to 7-Troc baccatin-IH using Troc-Cl in two lots at room 
temperature 
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A solution of 200 mg of baccatm-HI, 100 microlitre of pyridine and 5.6 mg of 
dimethylaminopyridine in 4 ml dichloromethane was stirred at 25°C under nitrogen 
atmosphere. To the mixture 100 microlitre (2.22 eq.) of 2,2,2-trichloroethylchloroformate 
was added. After 45 min. an additional 60 microlitre (1.28 eq.) of 2,2,2- 
trichloroethylchloroformate v/as added and the reaction mass was stirred for 1-1.5 hrs. at 25- 
30°C. The reaction was monitored by TLC (dichloromethane/methanol, 9:1). The reaction 
mixture was diluted with 30 ml of dichloromethane and washed with 30 ml of aq. 0.5 N 
potassium bisulfate, water, saturated NaHCOj and brine. The organic layer was dried over 
sodium sulphate and evaporated to dryness under reduced pressure. The resulting white solid 
residue was sonicated in diethyl ether and filtered. Recrystallisation in methanol afforded 
244 mg of 7-Troc-baccatin-III, purity 82%. 
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CLAIMS: 

1. A process for making paclitaxel, which process comprises (a) acetylating 10-deacetyl 
baccatin-III at the C-10 position in the presence of a tertiary amine base to give baccatin-III; 

(b) protecting baccatin-in at the C-7 position by reacting baccatin-IH with a protecting group; 

(c) converting the product of step (b) to paclitaxel. 

2. A process according to claim 1 wherein the protecting group in step (b) is 2,2,2- 
trichloroethylchloroformate. 

3. A process according to claim 1 or 2 wherein the tertiary amine base is triemylamine. 

4. A process according to any one of claims 1, 2 or 3 wherein step (b) is done at less 
than 0°C, suitably from -5°C to -15°C or from -10°C to -15°C. 

5 . A process according to any preceding claim wherein in step (b) the protecting group is 
added in two or more separate lots to the reaction mixture. 

6. A process according to claim 5 wherein the protecting group is 2,2,2- 
trichloroethylchloroformate. 

7. A process according to any preceding claim wherein step (b) is effected using a 
tertiary amine catalyst, preferably 4-dimemyiaminopyridine. 

8. A process according to any preceding of claim wherein step (c) is effected by 
coupling the product of step (b) with N-benzoyl-3-triethylsilyoxy-4-phenyl azetidine-2-one, 
which compound is preferably used as the racemate, followed by deprotection. 

9. A process according to claim 8 wherein said coupling is effected in the presence of n- 
butyl lithium 

10. A process according to any preceding claim wherein step (c) includes deprotection 
using zinc and a weak acid such as acetic acid. 
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11. A process according to any preceding claim wherein the acetylation step (a) is 
effected using acetic anhydride, preferably in the presence of CeGb. 

12. A process according to any preceding claim wherein triethylamine is used in step (a); 
and 2,2,2-trichloroethyichloroformate is used in step (b) and is added in two or more lots, 
with a reaction temperature for step (b) of from -5°C to -15°C. 

13. A process according to claim 12 wherein step (b) is effected using a tertiary amine 
catalyst such as 4-dimethylatriinopyridine. 

14. 7-[2,2,2-tricMoroemylchloroforaiate]-baccatin-ni. 

15. Use of the compound of claim 14 to make paclitaxel. 

16. A pharmaceutical composition comprising a pharmaceutically acceptable carrier and 
paclitaxel made according to any one of claims 1 to 13. 
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